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{ 7-CARB0XYALKYLAMIN0ACYL-1 , 4-DITHIA-7— AZASPIRO [4.4]- 



CARBOXYALKYLAMINOACYL- 1 , 4 -PITH I A- 7— AZASPIRO [4.4] 
NONANE-8-CARBOXYLIC Ac7dS~ 



_ This application is a continuation-in-part of U.S. 
feri j^ No. 258,484, filed h^^^lQ, 1981, which is a 
continuation-in-part of U.S. ^Seri^a-x No. 201 ,649, filed 

1980, now abandoned, which is a continuation- 



in-part of U.S. 199,886, filed ©cToT5ep 23, 1980, now 
abandoned. Pe#Nt> 

The present invention relates to 7-carboxyalkyl- 



SO 

aminoacyl-1 , 4-dithia-7-azaspiro [4 . 4] nonane-8-carboxylic 
\ acids. The compounds of the invention are useful in the 
treatment of cardiovascular disorders and especially as 
antihypertensive agents. 

Compounds of the present invention are repre- 
sented by the following formula 



R-CHo-CH-NH-CH-C-N— C 
II I 
O H 



wherein: 

j^-'. R is lower. alkyl, benzyl, benzylthio, benzyloxy, 
* phenyl thio ; or phenoxy; 

R1 is hydroxy or lower alkoxy; 
^R2 is hydrogen, lower alkyl or amino lower alkyl ; 

^po95§ n ?2m/Ei a m m 1 1 cal ly acc ^Ki 5 s ? x f «i ther eo ho . ooch 

P09S3 13/10/8? <*$6?2? . 19-0365 4 103 . ?0.00CH_ 
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In the above description, lower alkyl refers to 
straight or branched chain alkyl groups having from 1 to 
6 carbon atoms, e.g. methyl, ethyl, propyl, isopropyl , 
butyl, pentyl, 3-methylbutyl , and hexyl, lower alkoxy 
refers to alkoxy groups having from 1 to 6 carbon atoms, 
e.g. methoxy, ethoxy, and propoxy, and amino lower alkyl 
refers to groups having from 1 to 6 carbon atoms, e.g. 
aminomethyl, aminoethyl, 3-aminopropyl and 4-aminobutyl . 

In preferred compounds of formula I, R£ is 
hydrogen, methyl or aminobutyl . Also preferred are 
compounds of formula I wherein R-j is lower alkoxy. A 
third preferred group contains compounds of formula I 
wherein R is benzyl. More preferred are compounds of 
formula I wherein R is benzyl, Ri is lower alkoxy and 
R2 is methyl. Most preferred are compounds wherein R is 
benzyl, Ri is ethoxy and R2 is methyl. 

Preferred compounds of the invention are 7- [N£> 
' ( 1 (S)-carboethoxy-3-phenylpropyl)-(S)-alanyl]-1 , 4-dithia-7^) 

§" V^azaspiro[4.4]nonane-8(S)-carboxylic acid, 7- [Na- 
°\ \ ( 1 (S)-carboethoxy-3-phenylpropyl)-(S)-lysyl]-1 ,40 

dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid and 
9? GO ^ 7- [Na-( 1 (S)-carboxy-3-phenylpropyl)-(S)-lysyl]-1 , 4^p 

^ £| dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid. 

The compounds of the present invention can be 
produced by various methods and subroutes, one of which 
is depicted in the following equations. Additional 
methods may be found in European Patent Application h ^ 
50,800, filed tSptdggS> 1 5 , 1981 and published May 5, 1982. 
Reactive groups not involved in the condensations 
described below such as amino, carboxy, mercapto, etc., 
may be protected by methods standard in peptide chemistry 
prior to the coupling reactions and subsequently 
deprotected to obtain the desired products. For example, 
if Ri is alkoxy or protected by a carboxy protecting 
group such as benzyloxy, it can be converted by well 
known methods such as hydrolysis or hydrogenat ion. to I_, 
wherein R-j is hydroxy. Such reactions are demonstrated 
in the Examples. 
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Compounds of the present invention are prepared 




y Keto acid (or ester) Tl is condensed with dipeptide 
III in aqueous solution, optimally near neutrality, or in 
a suitable organic solvent (for example, CH3OH) in the 
presence of sodium cyanoborohydr ide to give ^. Alterna- 
tively, the intermediate Schiff base, enamine, or aminol 
may be catalyt ically reduced to yield product 1^, for 
example, by hydrogen in the presence of palladium black. 
The ratio of diasteriomer ic products formed may be 
altered by choice of catalyst. 

Alternatively IJE can be condensed with an amino 

acid IV 



R 



? 2 NaBH.,CN S <f H 2 *2 
H 2 N-CH-COOH +11 3 0 \i I I 
z > Rx-C-CH NH-CH-COOH 
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under the same conditions to yield amino acid V. Subsequent 
coupling by known ^ethods w ith amino acid derivative VI 

r 




€i vi 



The known methods encompass reactive group pro- 
tection during the coupling reaction, for example, by N- 
formyl, N-t-butoxycarbonyl and N-carbobenzyloxy groups 
followed by their removal to yield I. Furthermore, if 
desired, the carboxylic acid function in VI may be 
protected by removable ester groups such as benzyl, 
ethyl, t-butyl, and the like. Condensing agents in this 
synthetic route are typically those useful in peptide 
chemistry such as dicyclohexylcarbodi imide (DCC) or 
diphenylphosphoryl azide (DPPA) or V may be activated via 
the intermediacy of active esters such as that derived 
from N-hydroxysuccinimide , 1-hydroxybenzotriazole , and the 
like. 

As desired, protecting groups may be removed by 
known methods . 

The starting materials which are required for the 
above processes herein described are known in the literature 
or can be made by known methods. 

In the compounds of the formula l r the carbon 
atoms to which R^CH2^ and R 2 - (where R 2 is not hydrogen) 
are attached and the carbon at the 8-position of the 
1 , 4-dithia-7-azaspiro [4 . 4] nonane ring are asymmetric. 
The compounds accordingly exist in diastereoisomeric 
forms or in mixtures thereof. The above described 
synthesis can utilize racemates, enantiomers or 
diastereomers as starting materials. Enantiomeric 
intermediates may be obtained by resolution methods known 
in the art. When diastereomeric products result from the 
synthetic procedures, the diastereomeric products can be 
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separated by conventional chromatographic or fractional 
crystallization methods. 

In gener al . the aminoacid part-structures, i.e., 

* ' in 

R, -C-CH-NH- , -NH-CH — CO, and -N— 
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of formula _I are preferjred in the configuration analogous 
to that of natural L-amino acids. Usually, natural £=D 
amino acids are assigned the ^-configuration. A notable 
exception is the natural amino acid L-cysteine which is 
assigned the R-conf iguration . 

The compounds of this invention form salts with 
various inorganic and organic acids and bases which salts 
are also within the scope of the invention. Such salts 
include ammonium salts, alkali metal salts, e.g. sodium 
and potassium salts, and alkaline earth metal salts, e.g. 
calcium and magnesium salts. Salts with organic and 
inorganic acids may be prepared, e.g., HC1 , HBr, H2SO4, 
H3PO4, methanesulf onic acid, toluenesulf onic acid, 
maleic acid, fumaric acid and camphorsulf onic acid. The 
non-toxic physiologically acceptable salts are preferred, 
although other salts are also useful, e.g., in isolating 
or purifying the product. Especially preferred acid salts 
are the hydrochloride and the hemimaleate. 

The salts may be formed by conventional means, as 
by reacting the free acid or base forms of the product 
with one or more equivalents of the appropriate base or 
acid in a solvent or medium in which the salt is insoluble, 
or in a solvent such as water which is then removed in 
vacuo , by f reeze-drying , or by exchanging the cations of 
an existing salt for another cation on a suitable ion 
exchange resin. 



The following examples illustrate the 
preparation of the compounds of the present invention. 
The diastereomers prepared as set forth below may be 
isolated by column chromatography or by fractional 
crystallat ion. 

I 7- [N-( 1 - Carboethoxy-3-phenylpropyl)-(S)-alanyl] -1 , 4-dithia- 
^/ 7-azaspiro [4.4] nonane-8 (S ) -carboxylic acid 

*P A. Dissolve 7.0 g of 1-benzyloxycarbonyl-4-£2) 
keto- (S ) -proline methyl ester in 75 ml of glacial acetic 
acid. Add 0.7 g of j>-toluenesulf onic acid and 2.8 g of 
1 , 2-ethanedithiol and heat under reflux with stirring for 
eighteen hours. Add -the reaction mixture to saturated 
sodium bicarbonate solution and extract with ethyl acetate. 
Dry the organic layer over magnesium sulfate and concen- 
trate it. Place the residue on a column of silica gel 
(300 g, 60^200 mesh) and elute with hexane : ethyl acetate 
(1:1) to give 7-benzyloxycarbonyl- 1 , 4-dithia-7-azaspiro- 
^ [ 4 . 4] nonane-8 ( S ) -carboxylic acid methylester, a yellow oil 

having [a] D 26 -12.6° (dioxane). 

B. Dissolve 3.0 g of 7-benzyloxycarbonyl- 1 , 4-Q 
^ dithia-7-azaspiro [4 . 4] nonane-8 (S ) -carboxylic acid methyl 
ester (3.0 g) in 20 ml of 20% hydrobromic acid in glacial 
acetic acid and stir the mixture at room temperature for 
two hours. Add the mixture dropwise to diethyl ether at 
tO^.^f 0^5° to give 1 , 4-di thia-7-azaspiro [4 . 4] nonane-8 (S )qj 

carboxylic acid methyl ester hydrobromide , a brown solid 
-fa m.g. 156-158°. 
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C. Dissolve the 1 , 4-dithia-7-azaspiro [4 . 4] nonane- 
8 ( S ) -carboxylic acid methyl ester hydrobromide from 
paragraph B in 0.1N NaOH and extract with ethyl acetate. 
Dry the organic layer over magnesium sulfate and concen- 
^ trate in vacuo to give 1 , 4-di thia-7-azaspiro [4 . 4 ] nonane- 
8 (S )-carboxylic acid methyl ester (1.35 g). Dissolve the 
latter in 100 ml of ethyl acetate and treat with 2.07 g 
of N-benzyloxycarbonyl-(S)-alanine, N-hydroxysuccinimide 
ester. Stir the reaction mixture at room temperature 
for eighteen hours and concentrate rn vacuo . Place the 
residue on a column of silica gel (300 g, 60-200 mesh) and 

■8- 

elute with hexane : ethyl acetate 4:1 to obtain 7- [N^ 
I ^" ^ ! I ben zyloxy car bony 1- ( S ) -alanyl ]-1, 4-dithia-7-azaspiro [4.4]- 
nonane-8 ( S ) -carboxylic acid, methyl ester, a yellow oil 
l^ r l 3Z^j>0 ta] D 26 = -14.8° (ethanol). 

~(? D. Dissolve 1.0 5 g of 7- [N-benzyloxycarbonyl- 

°\ & ^\ (S)-alanyl]-1 , 4-di thia-7-azaspiro [ 4 . 4 ] nonane-8 ( S ) -Q 
carboxylic acid, methyl ester in 100 ml of methanol. 
Add 10 ml of 2.5N sodium hydroxide and stir the mixture 
at room temperature for sixteen hours. Concentrate 
the. mixture under nitrogen, dissolve the oil in 0.1 
N sodium hydroxide and dilute with ice water. Adjust 
to pH2 with concentrated hydrochloric acid, then extract 
with ethyl acetate. Dry the organic phase over magnesium 
sulfate and concentrate it. Place the residue on a 
column of silica gel (100 g, 60-200 mesh) and elute with 
chloroform : glacial acetic acid 19:1 to obtain 7- [N-o 
°^ benzyloxycarbonyl-(S)-alanyl] -1 ,4-dithia-7-azaspiro- 

%\ 1 ^bO^t^^lnonane-StSJ-carboxylic acid, [a] D 26 = -15.8° 
(ethanol). ^ ZaJ 
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^ E. Dissolve 1.4 g of 7- [N-benzyloxycarbonyl- ( S ) -o 

f / alanyl] -1 , 4-dithia-7-azaspiro [4 . 4] nonane-8 ( S ) -carboxylic 

acid in 20 ml of 20% hydrobromic acid in glacial acetic 
acid and stir the mixture at room temperature for two 
_ — \ hours. Add the mixture dropwise to diethyl ether at 

^ V ^5_~--V 0^'5°C to give 7- [ { S ) -alanyl ] - 1 , 4-dithia-7-azaspiro [ 4 . 4 ] - 

nonane-8 ( S )-carboxylic acid hydrobromide which is used 
immediately in the process described in paragraph F below. 
O Jf F. Dissolve the 7- [( S ) -alanyl ]- 1 , 4-dithia-7- 

\ azaspiro[4.4]nonane-8(S)-carboxylic acid hydrobromide 

(prepared in paragraph E next above) in 100 ml of 
absolute methanol. Add 0.5 g of 2-oxo-4-phenylbutyric 
acid f ethyl ester and 10 ml of 3A molecular sieve pellets 
and stir the mixture -at room temperature for eighteen 
hours. Filter the reaction mixture and treat the 
filtrate with 0.30 g of sodium cyanoborohydride at room 
temperature for two hours. Concentrate the mixture under 
nitrogen and dilute the oil with 5% hydrochloric acid to 
pH 2 to 4 and stir at room temperature for one hour. 
Adjust the pH of the solution to pH 8 with 2.5N sodium 
hydroxide solution and absorb the solution in 150 ml of 
XAD-2 resin. Elute the resin with 800 ml of water and 
then with 800 ml of methanol. Concentrate the methanol 
solution, place the residue on a column of silica gel 
(100 g, 60-200 mesh) and elute with chloroform : 
isopropanol : 7% ammonium hydroxide 1:1:1 (organic layer) 
to obtain 7— [N— ( 1 — carboethoxy- 3— phenyl — 
' -I propyl )-(S)-alanyl] -1 , 4-dithia-7-azaspiro [4 . 4] nonane- 

"ZD 8(S)-carboxylic acid, a white solid, m.p. 56-^60°C, 
bO^ M 20 ta] D 26-25.5° (ethanol). ^ 

Example 2 

' 7- [N-( 1 -Carboxy-3-phenylpropyl)-(S) -alanyl] -1 ,4-dithia-7^ 
^ C \ azaspiro [4.4] nonane-8 ( S ) -carboxyl ic acid 

P Hydrolyze 0.18 of the product of Example 1 in 

20 ml of methanol with 1.3 ml of 2.5N sodium hydroxide 
for 20 hours at room temperature. Concentrate the 



reaction mixture ir\ vacuo at room temperature. Dissolve 
the resultant residue in water and place on Bio Rad 
AG-50W-X2 (100-200 mesh) resin in the hydrogen form. 
Elute with water (300 ml), then with 2% pyridine in 
water. Concentrate the desired eluant fractions to 
obtain the title compound. 

Cj-Mo Example 3 

°\ 7- [N-( 1 (S)-Carboethoxy-3-phenylpropyl)-(S)-alanyl]r> 

^ "L~ 1 , 4-dithia-7-azaspiro [4 . 4] nonane-8 ( S ) -carboxylic acid 

\^ A. Dissolve 1-benzyloxycarbonyl-4-keto-(S)-proline 

(15.7 g, 60 mmol ) in acetic acid (45 ml) and ethyl acetate 
(45 ml), add 1 , 2-ethanedithiol (6.2 g, 66 mmol) and stir 
under nitrogen. Add boron trifluoride etherate (redistilled) 
and stir 4 hours. Pour the reaction mixture into a mixture 
of water (175 ml) ethyl acetate (120 ml) and ether (60 ml). 
3—^ Wash the organic layer with water (3 x 175 ml) then extract 
twice with 1.0 N sodium bicarbonate (150 ml, then 50 ml). 
Acidify the aqueous layer to pH 1 with concentrated hydro- 
chloric acid, extract twice with ether (150 ml, then 50 ml), 
wash the organic layer with brine, dry over anhydrous magnesium 
sulfate and concentrate in vacuo to obtain crude 7-/be-n-£ye*}&- 
^> ^ carbonyl-1 , 4-dithia-7-azaspiro [4.4] nonane-8 ( S ) -car boxy 1 ic 
acid as an oil (16.1 g). 

B. Dissolve the product of Step A in acetic acid 
(30 ml) by stirring under nitrogen. Add 23% hydrobromic 
acid in acetic acid (50 ml), stir 3 hours and dilute over 
5 minutes with ether (320 ml). Filter the solid, wash 
twice with ether (2 x 150 ml) and air dry to obtain a 
purple powder. 

Dissolve the crude product in boiling ethanol (120 ml), 
add Darco grade 6-^6.0 (6 g), and filter hot, washing with 
^3 2 x 10 ml hot ethanol. Dilute the filtrate with ether 

(300 ml) and allow to stand one hour. Filter the resul- 
tant precipitate, wash with ether (2 x 50 ml), and air dry 
0 C | to give 1 , 4-dithia-7-azaspiro [4 . 4] nonane-8 ( S ) -carboxylic 

acid hydrobromide as beige crystals. 
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C.(1)a. To a 5L flask equipped with a magnetic 
stirrer, dropping funnel and nitrogen inlet tube, add a 
solution of ,190 ,g (0.92 mole) of S-alanine benzyl ester 
/fp r-t l ue n e -a-trir^efta-ke- and 258 g (0.734 mole) of 2-oxo-4-^— ' 
phenyl butanoate in 1.4L of ethanol. Stir for 2 hours 
under nitrogen. Add a solution of 17.'7 g (0.282 mole) 
of sodium cyanoborohydride in 550 mL of ethanol, with 
stirring, over 90 minutes. Stir the solution overnight 
and concentrate to dryness in vacuo at room temperature. 
Partition the residue between 500 mL of H2O and 2L of 
ether. Dry the ether layer over MgS04 and filter. Add 
1 . 3M ethereal HC1 to pH 4. Remove the ether and excess 
HC1 in vacuo at room temperature. Slurry the residue 
in 250 mL of ether and dilute with 750 mL of hexane. 
Decant the supernatent from the resultin g/^ p r- o - c - i - p - i - t ae and 
wash with two 300 mL portions of ether. Triturate the 
residue with 300 mL of ether and filter under N2 to 
give 134 g of a white solid. Slurry the solid in ether 
and make basic with saturated aqueous NaHCC>3. Dry the 
organic layer over MgSC>4, filter and concentrate in vacuo 
at room temperature to give 135 g of N- ( 1 -carboethoxy-3-O 
phenylpropyl )-(S) -alanine benzyl ester as an amber oil. 

Dissolve 135 g of the resultant amber oil in 
510 ml of ethyl acetate and add a hot solution of 40.5 g 
maleic acid in 895 ml of ethyl acetate. Cool to room 
temperature, filter the resulting precipitate, and 
recrystallize the precipitate from ethyl acetate to give 
N-( 1 (S)-carboethoxy-3-phenylpropyl)-(S)-alanine benzyl 
OaD ester hemimaleate as a white solid, m.p. 127^/128°C, 
^1 (?0S3^ 10 [a] D 26 = o°(H 2 0). 

Slurry 7.0 g (0.015 mole) of the above product 
in ethyl acetate and adjust to pH 8 with saturated 
aqueous sodium bicarbonate. Wash the organic layer with 
saturated aqueous sodium chloride solution, dry over 
magnesium sulfate, filter, and concentrate iri vacuo at 
room temperature to a colorless oil. Dissolve the 
resultant oil in 100 ml ethanol containing 0.7 g of 10% 
Pd/C and hydrogenate at 60 psi at room temperature for 2 
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hours. Filter and evaporate the solvent under vacuum at 
room temperature to obtain 4.0 g of N— ( 1 ( S ) -carboethoxy— 
3-phenylpropyl)-(S) -alanine as a white solid, m.p. 
&° &lbCfi&ZXii 47^-1 48°C f [ct] D 26 + 24.8° (methanol). 

b. To a solution of the product of Step 
(1)a (8.93 g, 32 iranol) and N-hydroxysuccinimide (4.42 g, 
38.4 mmol ) in dry dimethylf ormamide (64 ml), add 1-(3-d> 
dimethylaminopropyl ) -3-ethylcarbodiimide hydrochloride 
(7.3 g r 38.4 mmol) and stir for 12 hours. Pour the 
reaction mixture into ethyl acetate (320 ml), wash with 
water (100 ml), brine (100 ml), and dry the organic layer 
over anhydrous magnesium sulfate. Concentrate iji vacuo 
t$ I to obtain N- [ 1 ( S ) -ethoxycarbonyl-3-phenylpropyl ]% 

(S)-alairine succinimidyl ester as an oil. 
<C ' *2) Dissolve the product of Step (1)b and 

1 1 , 4-dithia-7-azaspiroy-^^Ononane-8 ( S ) -carboxylic acid 

hydrobromide (Step B) (9.16 g, 32 mmol) in 
dimethylf ormamide (155 ml) and cool to 0^5*0. Add 



t riethylamine (8.9 ml, 64 mmol) dropwise over 5 minutes, 
and rinse the funnel with dimethylf ormamide (5ml). Stir 
at room temperature for 16 hours, concentrate iri vacuo to 
50 ml and dilute with water (150 ml). Adjust the 
solution to pH 4.0 with 1N hydrochloric acid. Extract 
the resultant brown gum with ethyl acetate (4 x 100 ml), 
combine the extracts, wash with water (20 ml) then brine 
(20 ml) and dry the organic phase over anhydrous 
magnesium sulfate. Evaporate the solvent iji vacuo to 
obtain the title compound as a brown oil. 

To purify, dissolve the crude product 
(3.3 g) in methanol (10 ml), place on Sephadex LH-20 
(2.5 x 55 cm column) and elute with methanol. Combine 
the desired fractions and evaporate the solvent _in vacuo 
to give the title compound as a solid white foam. Analy- 
% b0^323l7&ical ly pure material has an [a] d^ = ""29 . 5° (ethanol). 



1*> 



2- 



-12- 

OS ^-^^V — Example 4 
I 7- [N- ( 1 ( S ) -Ethoxycarbonyl-3-phenylpropyl ) - ( S ) -alanyl ] 
^ K \ 1 , 4-dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid 

hydrochloride 
Dissolve the crude product of Example 3, Step 
C (27 g, 5.8 mmol) in acetonitrile (18 ml), add con- 
centrated hydrochloric acid (0.5 ml, 6 mmol) and seed. 
After crystallization starts, refrigerate for 10 hours. 

Collect the crystals, wash with cold acetonitrile, then 
on i 

ether, and let dry to give crystals, m.p. 17^-178°C 

(dec). 

To recrystallize the above product, dissolve the 
crystals (0.5 g) in hot methanol (1 ml), dilute with 
acetonitrile (5 ml) and seed. Refrigerate for 10 hours, 
collect the crystals and let dry to obtain the title 
0£j"&V compound, m.p. 1 76^/1 78 °C , [a] D 26 =-1 1.2° (ethanol) 
(analytically pure material). ^ 



^-^-^l <~ Example 5 

7- [N-( 1 (S )-Ethoxycarbonyl-3-phenylpropyl )-(S )-alanyl]Q 
1 ,4-dithia-7-azaspiro [4 . 4 ] nonane-8 ( S ) -carboxylic acid 
P hemimaleate 



Dissolve the crude product of Example 3, Step C 
(2.9 g, 5.2 mmol) and maleic acid (0.7 g, 60 mmol) in hot 
acetonitrile (18 ml) and refrigerate for 10 hours. Collect 
the crystals, wash with cold acetonitrile and let dry to 
obtain the title compound as tan crystals (1.6 g). Analyti- 
<\hO^ cally pure material has m.p. 124-126°C, [o,]d 26 =-1 4. 3° 
(ethanol). Z*- 3{ 2-0 



Example 6 

I 7-[N-( 1 (S)-Carboxy-3-phenylpropyl)-(S)-alanyl]-1 ,4-dithia- 

% 7-azaspiro [4 . 4] nonane-8 (S ) -carboxylic acid 

~| As described in Example 2, hydrolyze the product 

of Example 3 (0.3 g) in methanol (30 ml) with 2.5"N sodium 
ho hydroxide (2.0 ml) to give the title compound, m.p. 115-1 17°C, 
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^)to4S2Lg| [a ] D 26 = _2.4»(H 2 0); +1.9* (ethanol). 

z& %o to 

Example 7 

7- [N-( 1-Carboethoxy-3-phenylpropyl )glycyl] -1 ,4-dithia-7- 
< *T r \ az^aspiro [4 . 4] nonane-8 (S ) -carboxylic acid 

I A. As described in Example 1 , react 1-benzyloxy- 

carbonyl-4-keto-(S)-proline, ethyl ester (prepared from 
the acid by esterif ication in ethanol) with 1,2-ethane 
^ r dithiol to obtain 7-benzyloxycarbonyl- 1 , 4-dithia-7^> 
<v- „ azaspiro[4.4]nonane-8(S )-carboxylic acid, ethyl ester, a 

/bO"jf|XO yellow oil [a] D 26_2l.o° (ethanol). 

C B * Convert 2.22 g of 7-benzyloxycarbonyl- 1 ,4^ 

( dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid, ethyl 

ester (prepared as described in paragraph A) to 1,4-dithia- 
7-azaspiro[4.4]nonane-8(S)-carboxylic acid, ethyl ester 
as described in Example 1 and couple this compound with 
1.5 g of N-benzyloxycarbonylglycine, N-hydroxysuccinimide 
ester as described in Example 2 to yield 7- (N-benzyloxy- 
carbonylglycyl )-1 , 4-di thia-7-azaspiro [ 4 . 4 ] nonane-8 ( S ) f j 
h i 5| ZO carboxylic acid, ethyl ester, a yellow oil [a] D 24 - 1 5 . 9 ° . 
( ethanol ) . 

c - Hydrolyze 1.43 g of 7- (N-benzyloxycarbonyl- 
( glycyl ) -1 , 4-dithia-7-azaspiro [4 . 4 ] nonane-8 ( S ) -carboxylic 

acid,- ethyl ester (prepared as described in paragraph B 
next above) with sodium hydroxide as described in Example 
1D to obtain 7- (N-benzyloxycarbonylglycyl )-1 , 4-dithia-7-£) 
azaspiro[4.4]nonane-8(S)-carboxylic acid, a colorless oil, 



V(foO<(^j^J [a]D 26. 7 . 9 - (ethanol). 



D. Treat 0.95 of the acid obtained in the process 
described in paragraph C next above with 20% hydrobromic 
acid in glacial acetic acid as described in Example 1E 
<- to obtain 7-glycyl- 1 , 4-dithia-7-azaspiro [ 4 . 4 ] nonane-8 ( S 

ibc^l carboxylic acid, hydrobromide , [a] D 26 -18.7° (ethanol). 

q ^ E * As described in Example 1F, couple 0.76 g 

^ / of 7-glycyl-1 ,4-dithia-7-azaspiro[4.4]nonane-8(S),J) 

carboxylic acid, hydrobromide (prepared as described in 
paragraph D next above) with 0.50 g of 2-oxo-4-phenyl- 
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< ^ ^ butyric acid, ethyl ester to obtain 7- [N- ( 1 — carboethoxy-3— 
0 \ phenylpropyl )glycyl] -1 , 4-dithia-7-azaspiro [4 . 4] nonane- 
^(>0 : i^7O 8(S)-carboxylic acid [a] D 26 -39.0° (ethanol). 

C-A-^j- Example 8 
7- [ N - ( 1-Carboxy-3-phenylpropyl )glycyl]-1 , 4-dithia-7^ 
azaspiro [4.4] nonane-8( S )-carboxylic acid 
^ As described in Example 2, hydrolyze 7- [N^ 

( 1 -carboethoxy-3-phenylpropyl )glycyl]-1 , 4-dithia-7- 
azaspiro [4.4] nonane-8 ( S ) -carboxyl ic acid (prepared as 
described in Example 2) with sodium hydroxide to give the 
title compound. 

In a similar manner r using suitable reagents, 
prepare the following compounds: 
TT% 7- [N-( 1 (S)-carbomethoxy-3-phenylpropyl)-(S)-£) 

alanyl] -1 , 4-dithia-7-azaspiro [4.4] nonane-8 (S ) -carboxyl ic 
acid ; 

X 7-[N-( 1 (R)-carboethoxy-2-benzylthioethyl)-(S)- ( 0 

alanyl ] -1 , 4-dithia-7-azaspiro [4.4] nonane-8 (S ) -carboxyl ic 
acid; 

°{ 7- [N-( 1 <S) -carboethoxy-2-phenoxyethyl)-(S) -alanyl] -£) 

1 , 4-dithia-7-azaspiro [ 4 . 4 ] nonane-8 ( S ) -carboxylic acid; 
* ^ bO °l 7- [Na-( 1 (S )-carboethoxy-3-phenylpropyl )-(S )-lysyl] ^3 

f ^ 1 ,4-dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid; 

(«G «\ 7- [Na-( 1 (S )-carboxy-3-phenylpropyl )-(S )-lysyl]-1 ,4^ 

^ ^ dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid; 

7- [N- ( 1 ( R ) -carboethoxy- 2-phenyl th ioe thyl ) - ( S ) 
^ ^ alanyl]-1 , 4-dithia-7-azaspiro [4 . 4 ] nonane-8 ( S ) -carboxyl ic 
|P ^ acid ; and 

^ ^„ ^ 7-[N-( 1 (S)-carboethoxy-2-benzyloxyethyl)-(S)-0 

^ ( alanyl]-1 , 4-di thia-7-azaspiro [ 4 . 4 ] nonane-8 ( S ) -carboxyl ic 

eacid; 
& *\ 7-[N-( 1 (S)-carboethoxypentyl)-(S)-alanyl]-1 f 40 

B" dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid; 

P ^ *\ 7- [N-( 1 (S)-carboethoxybutyl)-(S)-alanyll,-1 r 4o 

<g dithia-7-azaspiro[4.4]nonane-8(S)-carboxylic acid; and 
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7- [N— ( 1 ( S ) -carboethoxyhexyl ) - ( S ) -alanyl ] - 1 , A^D 
dithia-7-azaspiro [4.4] nonane-8 ( S ) -carboxylic acid . 

The compounds of this invention are useful in 
view of their pharmacological properties. In particular, 
they possess activity as antihypertensive agents as 
evidenced by their ability to reduce blood pressure in 
mammals in which the blood pressure has become abnormally 
elevated. 

The compounds of the present invention can be 
combined with pharmaceutical carriers and administered in 
a variety of well known pharmaceutical forms suitable for 
oral or parenteral administration to provide compositions 
useful in the treatment of cardiovascular disorders and 
particularly mammalian hypertension. 

The effective daily antihypertensive dose (ED50) 
of the compounds of this invention will typically be in 
the range of about 0.1 to about 10 mg/kg, of mammalian 
weight, administered in single or divided doses. The exact 
dose to be administered is dependent upon where the 
particular compound lies within the above quoted range, 
as well as upon the age, weight and condition of the 
individual . 

Generally, in treating humans having hypertension, 
the compounds of this invention may be administered to 
patients in need of such treatment in a dose range of 5 to 
150 mg per patient generally given twice daily, thus 
giving a total daily dose of from 10 to 300 mg per day. 
Also, the compounds of this invention may be given in 
combination with diuretics or other antihypertensives. 
Typically, these are combinations whose individual per day 
dosages range from one-fifth of the minimally recommended 
clinical dosages to the maximum recommended levels for the 
entities when they are given singly. Examples of such 
diuretics or other antihypertensives are hydrochlorothiazide, 
chlorothiazide, ethacrynic acid, amiloride, furosemide, 
propranolol, timolol and methyldopa. 
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The antihypertensive compositions containing the 
compounds of this invention will preferably contain from 
about 5 to about 250 mg of the active compound per dosage 
unit . 

Since the compounds of the present invention 
are believed to act as angiotensin converting enzyme 
inhibitors, it is also contemplated that they may be used 
in treating other cardiovascular disorders, for example 
congestive heart failure, in the same manner as other 
ACE inhibitors such as captopril and MK-421 may be used. 

The compositions of the present invention are most 
preferably administered orally. Typical formulations for 
oral administration are those such as tablets, capsules, 
syrups, elixirs or suspensions. Typical injectable formula- 
tions include solutions and suspensions. 

Typical acceptable pharmaceutical carriers for 
use in the formulations described above are exemplified 
by: sugars such as lactose, sucrose, mannitol and 
sorbitol; starches such as corn starch, tapioca starch 
and potato starch; cellulose and derivatives such as 
sodium carboxymethyl cellulose, ethyl cellulose and 
methyl cellulose; calcium phosphates such as dicalcium 
phosphate and tri-calcium phosphate; sodium sulfate; 
calcium sulfate, polyvinylpyrrolidone, polyvinyl 
alcohol; stearate acid; alkaline earth metal stearates 
such as magnesium stearate and calcium stearate, 
stearate acid vegetable oils such as peanut oil, cotton- 
seed oil, sesame oil, olive oil and corn oil; non-ionic, 
cationic and anionic surfactants; ethylene gylcol 
polymers; beta-cyclodextr in ; fatty alcohols and 
hydrolyzed cereal solids; as well as other non-toxic 
compatible fillers, binders, disintegrants , buffers, 
preservatives, antioxidants, lubricants, flavoring agents, 
and thelike commonly used in pharmaceutical formulations. 
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The following example describes in detail a 
composition that is illustrative of the present invention. 
It will be apparent to those skilled in the art that 
many modifications, both of materials and methods, may be 
practiced without departing from the purpose and intent 
of this disclosure. 

In the following example, the active ingredient 
is 7- [N- ( 1 (S)-carboethoxy-3-phenylpropyl )-(S )-alanyl] -1 ,40 
d ithia-7-azaspiro [ 4 . 4 ] nonane-8 ( S ) -carboxylic acid hydro- 
chloride, though any of the compounds of the invention 
may be similarly formulated. 
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Tablet 

Active Ingredient 

Lactose 

Corn Starch 

Water (per thousand tablets) 

Corn starch 
Magnesium Stearate 



Amount (mg) 
75.0 
80.5 
6.0 
60 ml 
(evaporates) 
37.5 
1.0 



200.0 



T Blend the active ingredient with the lactose 

until uniform. Blend the smaller quantity of corn 
starch with the water and add the resulting corn starch 
paste, then mix until a uniform wet mass is formed. Add 
the remaining corn starch to the remaining wet mass and 
mix until uniform granules are obtained. Screen the 
ara nules through a suitable milling machine, using a 3/4 
inch stainless steel screen. Dry the milled granules in 
a suitable drying oven until the desired moisture content 
is obtained. Mill the dried granules through a suitable 
milling machine using a 16 mesh stainless steel screen. 
Blend in the magnesium stearate and compress the result- 
ing mixture into tablets of desired shape, thickness, 
hardness and disintegration. 



n 



